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Sublethal effects of sulfoxaflor on the expression of
detoxification, immune and memory related, genes in the
honeybee (Apis mellifera ligustica)

SHI Teng-Fei” WANG An-Ran’~ ZHU Yu-Jie YU Lin-Sheng
(Anhui Agricultural University, Hefei 230036, China)

Abstract [Objectives] The new insecticide sulfoxaflor is widely used to control insect pests but little is known about its
effects on honeybees (Apis mellifera ligustica). The sublethal effects of sulfoxaflor on the expression of six detoxification
(CYPIQ1, CYP9Q2, CYP9Q3, CYPISI, CYP6AS5 and CYP4G1l), four immune (Abaecin, Defensin, Hymenoptaeci and
Apidaecin), and three memory (PKA, GIuRA and NMDAR1), related genes in honeybees was investigated. [Methods] (1) The
LDsg value of sulfoxaflor to honeybees was assessed using the “oral-feeding tube” method. (2) Changes in the expression of six
detoxification, four immune, and three memory related genes were measured 48 h after bees had been fed sublethal doses (1/3
LDso and 1/10 LDsy) of sulfoxaflor. [Results] (1) The LDs, value of sulfoxaflor to honeybees was 0.099 pg/bee. (2) Exposure
to 1/3 LDs of sulfoxaflor significantly inhibited Abaecin and Defensin expression in honeybees (P < 0.05), but up-regulated
the expression of PKA, NMDAR1, GIuRA, CYP9Q2 and CYP9Q3 (P < 0.05). The expression levels of Hymenoptaecin,
Apidaecin, CYP6AS5 and CYP4AGI11 in both treatment groups were significantly higher than in the control group. Sulfoxaflor
did not, however, affect the expression of CYP9QL1 and CYP9S1. [Conclusion] Sulfoxaflor could potentially affect the

detoxification, immune and memory systems of honeybees. These results provide a basis for further exploring the complex
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molecular interactions between sulfoxaflor and honeybees.

Key words Apis mellifera ligustica; sulfoxaflor; detoxification related gene; immune related gene; memory related gene
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I F IR AT T ELA RE A AR AP R 2B AR P it
BRRSS , TEAEFFE R RGN i 805 &
T (Klein et al., 2007) . #Rifi, IR
SEWEAPHE R RS DR T B A O R E
FEVERE T R BARE R T, A ARE
L RN RN AR AR P AR 2 (1) R i AT
REE T | X PG 0 i 221 R R 2 — ( Goulson
etal., 2015; Schmuck and Lewis, 2016 ) -

WF 5% 3 W AR 24 1) Bt e AN A 2> 0 3 S e i 2
ZUERB AR, I H RGBS 52 B AT & Fh AT
o BRTE AR 25 G A AL B T ) 2 i —
FEARHG], B AT 3R B SO ) 5 AR R )

(Grmb ok | e W IIE HORR S ) AN REAS 01
WG AT A& E (Oliveira et al., 2014;
Peng and Yang, 2016; Cataec etal., 2019) , it
L EATR2 211842 ( Alkassab and Kirchner,
2016; HEf% K4E, 2018 ) . RAEFIEH KITHE

( Henry et al., 2012; Tison et al., 2016;
Monchanin et al., 2019) . B4k, HAth—2eH H
Ay B, Pean— S BR U AEEES FLA FLEEE AR
2 REfs R HE e R R . Li 5% (2017 ) #fF5E3R
B LB A 25 B2 4000 (1/2 LDsy ) AbHR%E I ik
g 41 LWL G IR A 2 S RN 42 1 o Liao %%

(2017 )34 2 P AN FH ) SE 56 4 30 H U448 R )
W 5% HE A5 50 I 2 06 1) A A7 PN UH B RAT B
Wang % (2017 ) B FRAG & A IR S TR 7T g
T AT I IR AN T R 3 1 T T 2
HAE | RN SEAT A IRIE

T AR R 45 P 3 O R FH BT KRR | 4L

B TR A4 T 28 A A BIL B 28 55 R 2 Btk Y e AR

( Whalon et al., 2008) , RZHBIR255 Hdk
T4 3 R Biie, HorhghA sUE 2 . 9/
WE U e — TR e 26 A5 ), B AR T
AP S RS, BRI 4k n I8 1 R B R £ 1k
JEBRSZ A4, T B H Ay RS SRS ( Sparks et al.,

2013 ) o UTAEAT A e BT S R RIS 70 4 A6 Ay
HEYERRE (Zhuetal., 2017) . HRETETHIER
JHe i ol s e it B 52 e R B AR /D, Bl R R AE
Nature | i — i BF 5% i s 4 0 9 o g g i
7 RE % AR M AE i Bombus terrestris it i 2
B % (Siviter etal., 2018) .
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& (SYBR Green) (KR, hfEdbst) | £H
PRI 3 e s s kR & (AR, hiE Bifg ) |
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b ) o FEANES: B R TRELOHL (SUARTE,
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(FEBRK, H[E ) Fl NanoDrop2000 48 fi it
SR (FEBE) .
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KR b, 16 1 R 1) S e e s 0 () 350 S ft Bl
1), B AT AR 25 R EE . S T RIS H
W 1R 2 0 | DA — AR ) M A TP IR — K R
H 10 D7 I T 5 I, Il [] S 00 = e TE R
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33 °C, MXHEE ( Relative humidity, RH ) 60%.
CE 12 h )5, R R RRIP b (O 1
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ek, JF LB ERIEE , it 4 d e, BEEES
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1.3 2HFHNE
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JEZFRA S, HRE R 1x10* mg/L, KD
BB AR 25 REBOICE AE - 20 °CHYVKFE T A7 %
o MRPGATI A B EEE 0, FRATEEH 5 A~ R 51
Wl . 10, 7.5, 5. 3.75 F1 2.5 mg/L FNE NG
FHFE 2 11 2RI o 43 31 IBGE 2 19 TR
HRENE R T 50% KT, BeE ML L 5
AZRIVHE , FH IR Y B AR K R EE
0.1%, RIFH HE&H 0.1%NEIR 50%HKA1E N
XTHR . B 180 ShAgtRR M . K/N—211 5 H i E %
TERSEAE TR 1 min, A5 2435 18 4~
BHEFE T, I8 TR R R . BRI AR
XA 3 e (341MHEE ) o ¥Hirh
NS ) A TUVRAC BE 2 h I, 43l AR
AR 200 pL bRV EE R 25F0 50%88K
HHIE 4h )5, A S ik s e,
WA 2 A B30 A 0 %o R A g Sk 8 e £ -2
A2y E 554 0.2.0.15,0.1,0.075,0.05 F1 0 pg.
SR B 52 BT e i) ] MR AR IR, 0T g 2 e ]
MR R REAHE Y S0% MK FER, 1AM 48 h )5,
ICSE MG e 0T %0

1.4 TEHIFEFIZENIE

AHFFEHEF 1/3 LDso Al 1/10 LDso 7 A4k 2
{47 BT 2 o 43 3 EBGE 8 1 R L i B
T 50%FAA K it B A% 1.67 mg/L 1 0.5 mg/L,
FEORUETR ER ERE K R L 0.1%, K54
HEA 0.1%NER) 50%8 K AE R4 iR, B 270
SRR K/AN—E1 5 H & B AE /AR TR
fi 1 min, SRJGF05] 9 NERHERE T, IR
PNAGEFE TP BE 37 o RSP0 B A B2 e
A 3 EERE (3NEKE) . B REER
VA TYURAL B 2 h J5, 0 S et P ] MR ]
600 uL A LRk BRI 2SR 50%HEK, H
W& 4h)5, FITA BB RKIEFERS, W
A 25 40b A FTRT IR 20 gk B 0 P Y Ak 2 o
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0 pg (XFHRZL ) o SRJGHS32 B)¥5 Ye () (R A IR
I %o} g 8 4 e A M L e A A Y S0% MK RN AE
¥, DXAEEME 48 h 5, DR RIS E st
TH, FUSCEETR A 1)1 4 e S PRSI

1.5 E RNAKERRERERRN

HEHE 1.3 ol B e e USRI
1 min, SR 5 25 FgAb B ) B FHF AR T FIREs
TR S AR A 2 0 S, R AR
ARG LY, RGNS . BT 1.5 mL &
LA 500 L £ Trizol , SR HIA 10 >25 8 %
W, FHH SIS S5, $EHUS RNA, 28
J iz R R 0 6 6 B ARG A S $R LA, RNA
MRS, I8 HAR B2 500 ng/ul, FTHE Tk
FUESERON, ARSI . B 1 pl 500 ng/ul
[ RNA F 0.2 mL &0, 78 65 °CIFE 5 min
Je, SERVE T UK B 1 min, SRGHIA 2 pL 4x
DN Master Mix ( L5/l gDNA Remover ) 1 5 uL
JCRK, IRSGTETE 37 C4&MF FIEE 5 min, #x
JEAMA 2 pL 5x RT Master Mix 11, JRZ)JE7ELAT
ZAFHEAT RO 37 °C, 15 min; 50 °C, 5 min;
98 °C, 5 min, 45#/5153%] cDNA 5 —%%,

1.6 SRS ER

ASHIFFE A 0 B A S DR A 2 0 T
TSI LR TR RA RS,
IR FFIER I 1,

1.7 RKHAXEE PCR

X} 1.5 P15 %] cDNA #1755 {5k, S8R5 L
AR MR T 6 E B PCR IV . BUNGER
BAEVK L, SRIGMKIRIA 1 L cDNA #if; I
TUHFS (10 pmol-L ™" )85 0.6 uL;2 uL 50 x ROX
Reference Dye; 5.8 puL JCHE§/KFI 10 pL 2 x
SuperReal PreMix Plus, FfDIAKZR 2HBHTCHK
YRy s 0t BR T LG AK A AR AR by A 1 3ot
B RN ROVARRARNE 3 ANEE, RAEH#T
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The sequences of forward and reverse primers of genes used in the present study

Table 1
£S5 SIFE (5°-3")
Genes Primer sequences (5'-3")
CYP9Q1 F: TCGAGAAGTTTTTCCACCG
R: CTCTTTCCTCCTCGATTG
CYP9Q2 F: GATTATCGCCTATTATTACTG
R: GTTCTCCTTCCCTCTGAT
CYP9Q3 F: GTTCCGGGAAAATGACTAC
R: GGTCAAAATGGTGGTGAC
CYP6ASS F: CAGGCTCTCCCCAATATTCA
R: TCGATGGGCTCATTTTTCTC
Abaecin F: TGTCGGCCTTCTCTTCATGG

R: TGACCTCCAGCTTTACCCAAA
F: ATATCCCGACTCGTTTCCGA
R: TCCCAAACTCGAATCCTGCA

Hymenoptaecin

Defensin F: TGCGCTGCTAACTGTCTCAG

R: AATGGCACTTAACCGAAACG

FEH FIFH) (5-3")
Genes Primer sequences (5’-3")
Apidaecin F: TTTTGCCTTAGCAATTCTTGTTG
R: GAAGGTCGAGTAGGCGGATCT
CYP9S1 F: CTAATTTTCGCGTTCCCAAA
R: CTCCCGTTACGTTTGTCGAT
CYP4G11 F: CAAAATGGTGTTCTCCTTACCG

R: ATGGCAACCCATCACTGC
PKA F: AAGACTATTGAAGTCGGTGACA
R: CCTATCAAGGCCCCACCAAA

NMDAR1 F: GTATTTCCGTCGCCAAGTC
R: TGTAAACCAATCCCATAGCCA
GIurRA F: ACTCTGTTCGTCTGTGGGGTC
R: TTCGTTAGAAGGGCAGCGTA
RpS5 F: AATTATTTGGTCGCTGGAATTG

R: TAACGTCCAGCAGAATGTGGTA

FEFIH 2722 ( Schmittgen and Livak, 2008 )
Xt B A PRI AR X Fe k7K A T AL IE o

1.7 HEoHh

SEUE TR o 2 e (1 BRI & (LDso )
K 95% B (51X [A]35 ] SPSS Statistics # 4 H KR
REH AL (Probit) HFATIA; A% MEIET
RN KL RE AR EKG 250
( ANOVA ) #EAFIF5, i 25 M 22 5 s

Duncan KiZE#H47RE; i H GraphPad Prism 5
BAFHIE SR R EE o

2 HRESH

2.1 AMSH

MR ST E 450, ABFSEAR T FE B
iGN e ) & O R BUEUIE ) B LDsy N
0.099 pg/¥%, BT EETER (£2)

*2 ARHERBENEENZOMSME
Table 2 LDs, value of sulfoxaflor to honeybee (Apis mellifera ligustica) by oral-feeding

5&% H?L"Eﬂ 1 @Uﬂﬁﬁ? LDsy (95%EAFIX[H], 95% CL) (pg/¥)
Pesticide Time Regression equation
e KUK NG Sulfoxaflor 48 h y=4.694 + 4.67x 0.099 (0.087-0.111)
22 EHFEHME Xf HRZH A B BT, 1T 1/3 LDso A1 1/10 LDsg
N 3(5‘/:‘:-‘» I J ‘\E‘4nll:< f
2.2.1 Xﬂ'%ﬂ‘éiﬁﬂ’\]%ﬁuﬂ ﬁﬁ@%m@ﬂfﬁl%?ﬂj u'JiEI’JﬁL%EHﬁHH&i}iﬁjfﬁx/ﬂﬁﬁﬁﬂﬁiﬁo

RS, TEEEE G R kS5 48 h
Jr 0 SRS 2 B W B BET R0 B 45 AL R
30 3k, 48 h JEEEIETHGC K Nd, W% A7
FNHN . y= (30— Nd)/30 x 100%, HI& 1 7%,

222 NEWEEFEFRIEWMEI AU LIAE
2 B WA SN HRZL, K T 1/3 LDso A1 1/10 LDsg
FI P TR HR N 20 11 A B 2 e i 75 | SR E
TEACAH DI R R 3R 5 ]
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Fig. 1 Probability of survival of honeybees (Apis
mellifera ligustica) in different groups

B S R EEbR DR A AR A R PR R 22
BAREE (P>0.05) , MAARRITFRERERDH
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Data are mean+SE. Histograms with the same letters
indicate no significant difference (P > 0.05), while with
different letters indicate significant difference (P < 0.05)
The same below.

A& 2 AT, 1/3 LDso Al 1/10 LD 712 A9 98
WE R g AL B RS T % CYP6AS Al
CYP4G11 ) &L (P < 0.05) , T
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Fig. 2 Effects of sulfoxaflor on six detoxification
related genes in honeybees (Apis mellifera ligustica)
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P Defensin 13235 /K P i S5 (IR F X B4
(P<0.05) . %1% Hymenoptaecin Fl Apidaecin
PIREWE 1/3 LDso Fl 1/10 LD 71 2k (1) U0 e i
T IR, (AR 1/3 LDs &= 1
GE H i I Ab 3% 1% Hymenoptaecin %35 7K F- 5
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Fig.3 Effects of sulfoxaflor on four immune related
genes in honeybees (Apis mellifera ligustica)
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Fig. 4 Effects of sulfoxaflor on three memory related
genes in honeybees (Apis mellifera ligustica)
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T2 E REBG , A 55E HU G X 8
L) 45 A% Ay L Hh 8 W (gt 2 ) Oy TR P AU
FERAEF D o FEARWFIEH, FRATTHE ek T e
T ) R B e i 28 M A MR, S5
7 HOXF B0 ) 2 B BOE F 5 0 LDsousny =
0.099 g/, iz (AR 2G4 S TE M R 50 1
T ) v e S ) 43 v T B R o e
ST, X5 RFHEE (2017 ) MIF5E—3
(1) o FRARA BEA 2T B I BEMEAR B, (HR AR
Jiti 5] FH 1) 280 R K H B AR S 2 R s, AR 247
AEH AL R Hh (1R 5% BE R AN 2 A B e 2k
FIE, E X8 e 1) B AN A
I, ASCIRSE T BRI & (1/3 LDsy F1 1/10
LDso ) [ F8UE HUE G Xt 48 W 6 A fif i AH DG JE AT
4 PG BE R IR 3 FiCAZ AR CJE IR A 1 5
M

Y taz P450 R4 ( Cytochrome P450
monooxygenase, CYP ) J&R HIKNEER L)
REfRREENE , TS5 B RN A TR Fok
HEEMNAE NS (Feyereisen, 2006) , 1M
LA X % U0 0 it 2 AR I e v 4 R R
FVERT (Li et al., 2007) . BESREHAWE di4n
M3 HLE Drosophila melanogaster #H Lt , P77 %
AN CYP AT ((Tijet et al.,
2001 ), AN 3k S 35k PRI 7 2 6 ot o 24 A HL Al 5
I A o AR AR AP B . Mao
45 (2011) WFFEEM CYP3 Hi%H CYPIQL,
CYP9Q2 #il CYPQ3 e FU T A6 E LI il 7
TR 53 A (AR5, DATAT AT LS4 i 285 06 Xof
R A R AT A2 M . Manjon 45 (2018 ) il
P i CYPQ3 BENS = RUCR AR AR R 2 %
FIgE dumtk, %1% CYPOSL, CYPAGIL fil CYP6ASS
WE T CYP3 Kk, Hrh CYPAGIL FfRAEAE
FAEME T EEIE (Maoetal., 2015) , HAEEK
B9 D47~ ( Gregore et al., 2012) FiiA kit
P (Shietal., 2013 ) A g &4 EEMIMEH .
CYP6ASS J& T CYP6AS W%, XAFiGEHH
Pt YA e TS H R o, B P SR R 3
N RE B 2 | AR A i 3 R R I Bl
Al RES 5w e ) b F- L SN 5 B AR (Mao

etal., 2009; Johnson et al., 2012 ) ., CYP6ASS
FE A% 1 108 R IS T ORI R 3K T A A A e X
XARAN MR P RET —EMEM
( Alptekin etal., 2016) . AHFFTE5HH R 1)
CYP9Q2. CYPQ3. CYP6ASS Fll CYPAGIL fitfs
Pl GIE W JH G 175 R R, TR 3 X S P ]
AE 2 5 2 4 e XoF S W P g %) e 2 A0 AR5 2ot
i,

PR IR B R 5 R e 2R 48 1Y) o L2
/¥, Apidaecin . Abaecin . Hymenoptaecin #l
Defensin S22 BRI EEN 4 KITEMRKE
( Casteels et al., 1989, 1990, 1993; Casteels and
Tempst, 1994) , EATEEEERN FEHECEN
Tl R 53 240 A1 R L TR RN AT AR 1 A S0 S IR ) T
) £4 €6.( Casteels et al., 1989, 1993 ; Evans, 2004 ;
Aronstein and Salivar, 2005; Randolt et al., 2008;
Chan et al., 2009; Richard et al., 2012; Danihlik
et al., 2015) . James Ml Xu (2012) HF5E KM
A% HUR) BB 6% 8 o 3 0 B iy S92 s i s 3 5
FERAWIERN, JEH I SUFE xR d o it
A 5T 25 R 7 e el i RE A 30 i Defensin
F1 Abaecin F&IA, NI AT BB S M PR 1 1Y 5
RBIERGE . TN B, HABPI PR K
HEK Hymenoptaecin il Defensin 24 AE #l 58 e i
f 75 LAk, Hih Hymenoptaecin 234 B
HEIT 70 Z245%, A HAEBA & T
PU RO A 245 HA B AR A5 Ao, X (615
AT — LT HRANIRS

N-H 3-D RAZARZIK (NMDA glutamate
receptors, NMDARs ) ZZ& B HIXHL RGN
1CAZTE B AH 5 Y BB 4 JE R 37 14K ( Kandel,, 2001 ;
Si et al., 2004) , 1M NMDARI &4 i, Nmdars
() — > E AL, T A AR T Y i
( Zannat et al., 2006 ) , Ff-7E# AR BHiC
TCIE S fE e PR (MiBig et al.,
2010 ) . #EARAGTERERZIK ( Glutamate
receptor, GIuRA ) T2l HIKIEHN G-2& ik
P, RTINS A5 R G-EE Rk
PN R S5 S RS, Z SEBER =]
12 (Kucharski et al., 2007 ) . ¥HRF B4
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HEHPE ( cAMP-dependent kinase, PKA ) fig
4 R N AL K Y P S Y 2 A
i ( Friedrich et al., 2004) . AHF5E &M
NMDARL. GIuRA F1 PKA iX 3 kL[R2 HE o #
WE NG 5 T IR REE , X TR IR JROE
i i 11 A W R T BB X 2 e e e ) B —
FERPEHEER, X —Z50 0 T B R AT R 2Ai
B AT R

2R LTIR, JRUNE HURE I () B i 0] RE S XK
IS8 W i S8 . ICIC AR R G — 2
M) , 30T R ARG FUNE BB 5 %8 W =[] BAR 1Y
S FHLRA —E Y L.
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